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(57) Abstract 

An oximeter sensor formed with a housing made of a relatively rigid material into which the oximeter electrical components can 
be mounted is provided. An overmolded material, of lesser rigidity, is injection-molded over the housing to complete the sensor. In one 
embodiment the housing is made of plastic, such as polypropylene, and the overmolded material is an injection -molded thermal plastic 
elastomer, such as Santoprene™ (polypropylene with 1 micron size particles of rubber). The housing preferably contains thin portions 
connecting thicker portions which support the electrical and optical components. These thin portions provide natural bending portions in the 
final oximeter sensor. By having the thin portions near or at the central, neutral axis of the sensor flexibility is optimized in the longitudinal 
direction, while the housing provides stiffness laterally. 
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OXIMETER SENSOR WITH RIGID INNER HOUSING 
AND PLIABLE OVERMOLD 

BACKGROUND OF THE INVENTION 
The present invention relates to oximeter sensors, and in particular pliable 
sensors for use in fetal pulse oximetry. 

An oximeter is a device for non-invasively determining the oxygen saturation 
of arterial blood. A pulse oximeter emits light at two different wavelengths (typically one in 
the red range and the other in the infrared range) through a portion of a patient's blood- 
perfused tissue. The red and infrared light scattered by the tissue is detected by a 
photodetector. The amount of light absorbed varies with the amount of oxygen in the blood, 
and varies differently for red and infrared light. A pulse oximeter monitor computes blood 
oxygen saturation based on changes in the two detected light levels between two points in 
time. 

Fetal pulse oximeter sensors are increasingly important in determining the 
status of a fetus during labor. One type of fetal sensor needs to be small and pliable enough 
to be inserted into the uterus during labor, and bend to bias itself against the fetus. An 
example of such a sensor is set forth in U.S. Patent No. 5,377,675. Such sensors have been 
manufactured using a silicone mold in which the electrical components are placed, with the 
entire apparatus being surrounded by another layer of silicone after the electrical components 
have been loaded. Silicone is a thermo-set process using two polymers which requires a 
longer cure time than injection molding. One problem with silicone is establishing an 
effective seal around the contact pins. 

Another type of sensor, although not a fetal sensor, is shown in U.S. Patent 
No. 5,425,360. This sensor design shows the use of a PVC material as an initial mold for 
holding the electrical components, including the light source and detector. This is then 
subjected to an injection molding of the same PCV material to form an overmold. The need 
for high temperatures is avoided by provided dovetailed-ribbing to form a mechanical bond 
during the overmolding process. 

It is desirable to have an oximeter sensor which is pliable enough to be used as 
a fetal sensor, but which can be formed using a rigid housing to hold the electrical 
components in proper alignment. 
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SUMMARY OF THE INVENTION 
The present invention provides an oximeter sensor formed with a housing 
made of a relatively rigid material into which the oximeter electrical components can be 
mounted. An overmolded material, of lesser rigidity, is injection-molded over the housing to 
5 complete the sensor. 

In one embodiment, the housing is made of plastic, such as polypropylene, and 
the overmolded material is an injection-molded thermal plastic elastomer, such as 
Santoprene™ (polypropylene with 1 micron size particles of rubber). The housing preferably 
contains thin portions connecting thicker portions which support the electrical and optical 
1 0 components. These thin portions provide natural bending portions in the final oximeter 

sensor. By having the thin portions near or at the central, neutral axis of the sensor, flexibility 
is optimized in the longitudinal direction, while the housing provides stiffness laterally. 

The invention also provides features for maintaining the housing in proper 
alignment during the overmolding process, including (1 ) a feature for mating with the mold to 
1 5 keep the housing from slipping longitudinally during injection-molding, (2) features for 
engaging the mold to ensure proper lateral alignment of the housing, and (3) features for 
standing off the housing from the top of the mold to ensure that it is properly covered with 
the appropriate depth of the overmolding material. 

One embodiment of the present invention also provides features for 
2 0 maintaining the emitter and detector in alignment, including an enclosure within the housing 
for the emitter and detector to fit into. Each of the emitter and detector are covered on the 
backside with a lid to prevent the overmolding material from dislodging them or penetrating 
onto their front sides during the overmolding process. In addition, the detector is mounted in 
a detector block and covered by a Faraday shield before being inserted into the enclosure and 

2 5 covered by the lid. A front side of the openings in the housing for the detector and light 

emitter preferably have injection-molded clear plastic to form windows through which the 
light can pass during operation. 

For a further understanding of the nature and advantages of the present 
invention, reference should be made to the following description taken in conjunction with 

3 0 the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 A and IB are top and side, broken-away views of a completed sensor 
according to the present invention; 

Fig. 2 is a diagram illustrating the placement of components in the rigid 
5 housing of the present invention; 

Fig. 3 is a diagram illustrating the assembly of the detector block module; 
Fig. 4 is a diagram illustrating an inserted detector block module; 
Fig. 5 is a diagram illustrating a side view of the press-fit opening for the 
contact electrode in the present invention; and 
10 Fig. 6 is a diagram illustrating the process for forming a tactile bump on a 

cable according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figs. 1 A and IB show a sensor 10 according to one embodiment of the present 

15 invention. As can be seen in the cut-away view of Fig. IB, the sensor includes an inner, 
relatively rigid housing 12 which holds the electronic components, and an overmolding 14 
which forms the body of the sensor. Preferably, the inner housing 12 is made of 
polypropylene while the overmolding material 14 is preferably Santoprene™. Preferably, 
both the housing and the overmolding material are of the same family of materials, preferably 

20 thermoplastics, so that they will bond to each other easily. However, other materials may be 
used, and the housing could be, for instance, made of nylon, thermo-sets, silicones, polyester, 
etc. Preferably, the ratio of the rigidity of the housing material to the overmolded material is 
in the range of 100-3000, with the housing preferably having a modulus of elasticity in the 
narrower range of 50,000 to 1,000,000 psi. The overmolding material preferably has a 

25 modulus of elasticity in the range of 50 to 2000. In one embodiment, the modulus of 
elasticity is 130,000 for the housing and 300 psi for the overmold. 

Housing 12 has thin portions along a line 16 in a longitudinal direction at 
points 18, 20. and 22. This allows for bending around these points in the z direction indicated 
by arrows 24 and 26. Line 16 is spaced away from the top surface of the sensor. Since the 

3 0 center portion of the sensor would undergo the least strain during bending in both directions, 
it is desirable to have the semi-rigid housing have these thin portions near this center portion. 
The bottom portion of the sensor as shown in Fig. IB is rounded, and thus the housing line 
1 6 is nearer the center of mass of the sensor than would appear from the figure. The portions 
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of housing 12 which extend to the surf ace of the sensor are not continuous, so bending is 
possible between them (i.e., between the emitter and detector windows). 

Figs. 1 A and 1 B show two views, with Fig. 1 A showing the x-y plane, and 
Fig. IB showing the y-z plane. The housing 12 has its thin portions in the z direction, as seen 
5 in Fig. IB, to give it longitudinal flexibility for bending away from the y-axis. The housing is 
wider in the x-direction of Fig. 1 A, as can be seen more clearly in Fig. 2, to provide rigidity 
along the x-axis to facilitate insertion and placement of the sensor. 

In one alternate embodiment, housing 12 could be made of the same or similar 
material as the overmold 14. In order to promote flexibility, the rigid elements, such as wires 
1 0 and optical and electrical parts, should be located near the neutral axis of the sensor. 

The use of a semi-rigid plastic housing allows the components to be both 
placed and held in alignment accurately, and to be maintained in that position during a 
subsequent injection-molding process for adding the overmolding material 14. The 
overmolding material encapsulates the components and forms a water-tight seal to the plastic 
15 material around them. By using an opaque overmolding material, this creates light barriers to 
prevent optical shunting within the sensor body. 

A number of features ensure that housing 1 2 is held in proper alignment 
during the overmolding process. A curvilinear groove 28 matches a similar protrusion in the 
molding housing, and keeps the housing from slipping longitudinally during the injection- 
2 0 molding of the overmold material 14, which is typically done by injecting the thermoplastic 
material in a direction indicated by arrow 30 from an injection-molding port area 32. 
Alternate shapes could be used for the groove, as long as it resists the longitudinal injection 
pressure. Alternately, a protrusion could be used to engage a groove or hole in the mold. 
During the overmolding process, the Santoprene™ material fuses to the polypropylene parts 

2 5 of housing 12, and also fuses to a cable jacket 44, which is preferably also made of 

Santoprene™. 

A series of three protrusions 34 act as stand-offs. Stand-offs 34 ensure that the 
proper distance is maintained between the housing body 12 and the top of the mold for the 
overmolding material 14 to ensure that the top portion of the housing 12 is covered with the 

3 0 injection-molded material. Alternately, the protrusions could extend from the mold to provide 

the stand-off function, leaving holes in the final overmolded material. 

A few portions of the rigid housing are exposed on the top surface of the final 
sensor shown in Fig. 1 A. This includes the curvilinear alignment groove 28, as well as a light 
emitter window 36 and a light detector window 38. These windows are preferably formed of 

4 
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a clear thermoplastic which is injection-molded into the remainder of housing 12 before the 
addition of components and the overmolding process. Housing 12 is preferably an opaque or 
black thermoplastic. 

Also shown are a pair of contact electrodes 40, which are electrically tied 
5 together, and can be used in conjunction with another contact electrode 42 to determine when 
the sensor is down on the skin of a fetus. These contact electrodes provide a current between 
electrodes 40 and 42 which flows through the fluid inside the uterus, with the fluid contact 
path being disrupted when the sensor is down on the fetus' skin, changing the impedance and 
allowing a detection of the sensor being properly placed. Electrode 42 is recessed within 

10 groove 28 in order to allow it be in contact with the amniotic fluid, which can flow through 
the groove. Thus, the groove conveniently serves two purposes, allowing the amniotic fluid 
to reach electrode 42 and also provides an anchoring mechanism for keeping the housing 12 
from slipping during the injection-molding process. In an alternate embodiment, contact 
electrode 42 could be placed anywhere on the sensor surface where it would contact the 

15 amniotic fluid. 

In operation, the sensor of Figs. 1A and IB is inserted into the mother's vagina 
and must be flexible enough to bend around between the fetus and the inside of the cervical 
and/or uterine walls. The preformed, bent portion 46 of the sensor is designed to apply 
pressure against the mother's cervical or uterine wall to force the face of the sensor having the 
2 0 emitter and detector windows 38 and 36 against the fetus. 

Fig. 2 illustrates the assembly of the components into housing 12 prior to 
being overmolded. The view in Fig. 2 is the backside, or the opposite of the side shown in 
Fig. 1 A. Housing 12 is preferably made of an injection-molded thermoplastic which is 
opaque or black. Over this, transparent injection-molded plastic windows 38 and 36 are 

2 5 formed on the top end (the bottom as shown in Fig. 2) of detector enclosure 48 and emitter 

enclosure 50, respectively. As can be seen, housing 12 is wide in the lateral direction, 
providing lateral stiffness to the sensor. 

A light emitter package 52 is inserted into enclosure 50, bonded to twisted pair 
wire leads 54. Once inside the enclosure, a lid 56 is placed over the backside of enclosure 52 

3 0 to keep out the overmolding material during the injection-molding process. This prevents the 

overmolding Santoprene™ from getting around the edges of emitter 52 and blocking the light 
emission on the other side through window 36. 

A photodetector module 58 is placed into enclosure 48 and similarly covered 
by a lid 60. Detector module 58 is connected to twisted pair wires 62. The assembly of 

5 
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A photodetector module 58 is placed into enclosure 48 and similarly covered 
by a lid 60. Detector module 58 is connected to twisted pair wires 62. The assembly of 
detector module 58 is shown in more detail in- Figs. 3 and 4, discussed below. In one 
embodiment, cap or lids 56 and 60 are held in place by staking the top edges of enclosures 50 
5 and 48, which extend slightly beyond where the lid would be placed in order to allow such 
staking. The staking can be done with the use of heat, sonic or ultrasonic sound or pressure, 
or any combination, in order to slightly spread the edges of the enclosure to hold the lids in 
place. Alternately, castellations could be used similar to those used to hold the wires in place. 

Also shown in Fig. 2 are contact electrodes 40 which are inserted through 
1 0 holes 64, and electrode 42 which is inserted through a hole 66. Contact electrodes 40 are 
press-fit through the holes to provide a secure, sealed attachment. Electrodes 40 may 
optionally include ribs or ringed barbs to increase their surface area and help retain them in 
holes 64. 

Turning briefly to Fig. 5, this shows the other end of an electrode 40 extending 
15 out of a hole 64 of housing 12. As can be seen, there is a tapered or crater-like opening 68 

which exposes the tip and a portion of the sides of contact electrode 40. The contact pin has a 
rounded end, so that it will not scratch the fetus. However, if the end of the contact end was 
level with the housing, vernix and other solids encountered in the uterine environment would 
tend to cover and impede the operation of the electrode. The use of a crater or tapered 

2 0 opening 68 provides the maximum exposed contact area to improve chances of fluid contact 

in case of insulating substances. In order to keep Santoprene™ from filling this crater during 
overmolding, the portion of housing 1 2 around these contact electrodes extends to the surface 
of the sensor, and contacts the top of the mold. 

Returning to Fig. 2, housing 12 includes a number of castellations 70 around 
25 its perimeter. These castellations are so-called because they resemble the castellations on a 
castle wall in their shape and location. Between castellations 70 and the interior portions of 
the housing, is a pathway in which the wires can be placed, for example in grooves 72 and 74. 
Once the wires are in place, castellations 70 can be bent slightly inward to hold the wires in 
place. In bending castellations, ultrasonic, sonic or heat could be used to aid in the bending 

3 0 process. The remaining components, such as the lids and the electrodes, are held in place by 

press-fits. 

A cap 76 is provided with a pair of openings 78 which fit over protrusions 80 
on housing 12. Wings 82 fit around the sides of a cable jacket 84. A formed recess 86 at the 
end of cap 76 provides a cavity into which a stylet can be inserted. A stylet is typically 
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inserted through cable jacket 84 from an exterior point to add stiffness to the cable during 
insertion of the cable and sensor into the mother's vagina. Enclosure 86 provides a hard stop 
for the stylet to ensure that it does not go any further and damage portions of the sensor by 
penetrating the flexible, overmolded material. 

The twisted pair wires of Fig. 2 are shown covered by braided wire mesh 88. 
To keep the mesh from untangling near the far end, an ultra-thin heat shrink tubing 90 is used 
to prevent the fraying of these braided wire shields. The thin tape tubing enables the shields 
to be held in place without making the resulting wire thickness so large that it is difficult to fit 
into the rest of the assembly. The braided wire shields are grounded and used for shielding 
from electromagnetic radiation which would interfere with the signals along the twisted pair 
wire. Twisted pairs are used to further decrease electromagnetic interference. 

Housing 12 also includes a pair of lateral extending wings 92 which extend to 
the sides of the mold during the overmolding process to register the housing to the mold and 
maintain a proper alignment of housing 12 during the overmolding process. Alternately, any 
other feature could be used to maintain lateral alignment, such as feature extending from the 
mold rather than from the housing. Once the components shown in Fig. 2 are loaded into and 
secured to housing 12. the housing is placed into a mold and overmolding is accomplished by 
injecting Santoprene™ through an opening at position 32, as shown in Fig. IB. The 
overmolding material flows down through the mold to cover the housing and components, 
except where prevented, and also to cover the connection to cable jacket 84. 

Referring again to Fig. 2, there is an opening 8 1 into detector enclosure 48, 
and openings 83 into emitter enclosure 50 to allow access for the twisted pair wires. These 
openings, which become holes when the lids are placed on them, are small enough to allow 
the conducting wires to feed through, but are tight enough to prevent the Santoprene™ 
overmolding material from entering the cavities. These openings are also not in the direct 
flow path, further limiting Santoprene™ from entering. The detector opening is opposite the 
flow direction, while the emitter openings are recessed. 

Fig. 3 illustrates the assembly of detector block 58 shown in Fig. 2. Detector 
block 58 consists of an integrated circuit photodetector 94 mounted in a detector block 96. 
Block 96 is used because a typical, photodetector IC 94 is irregularly shaped, so that it would 
not fit snugly into a rectangular enclosure, and is difficult to cover with a Faraday shield. 
Accordingly, block 96 provides an opening into which the photodetector 94 can be inserted, 
as well as providing surfaces along different edges of a rectangular block for supporting a 
Faraday shield. 
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A Faraday shield 98 is provided, with a screen portion 100 covering the face 
of the detector pointing outward through the ciear window 38 of Fig. 2. The screen serves to 
prevent electromagnetic interference with the signals generated by the photodetector, so that 
the signals generated are purely as a result of detected light. The Faraday shield is shaped so 
5 that it will fold like a box around the detector block 96. 

Fig. 4 shows the detector assembly inserted into the detector enclosure 48, 
after which the edges of the Faraday shield are folded over as illustrated. First, the top end is 
folded over so that a tab 102 extends outside enclosure 48 where it can be connected to the 
wire braid ground shield 104. Subsequently, tabs 106 are folded over, followed by tabs 108 
10 being folded over to complete the enclosure, with the folds overlapping. Thus, the Faraday 
shield provides a screen 100 on one side, while enclosing the rest of the detector module with 
a conducting ground plane. Non-conducting tape 1 10 is placed on the inside surface of the 
shield to prevent shorting with the ground connection to the wire connections connected to 
the photodetector chip. After assembly, the lid 60 shown in Fig. 2 is then placed on top of 
15 detector module 58 to seal off the backside of detector enclosure 48. The inside of the 

Faraday shield is preferably reflective, and the detector block is transparent, to maximize the 
light which is captured by the detector. 

The method of assembly in the present invention minimizes the need for any 
taping, soldering or other labor-intensive actions. Instead, press-fits are used, such as for the 

2 0 electrodes and the lids, along with a folding design for the Faraday cage which is held in 

place by a press-fit lid. These features provide for an easily assembled housing, and also 
provide for a watertight assembly through the use of such press-fits. 

Fig. 6 illustrates the formation of a tactile bump 1 12 on a portion of cable 84. 
This bump is typically formed a short distance from the sensor so that a clinician can insert 
25 the sensor and, by feeling the; bump, know how far the sensor has been inserted. The 

formation of the bump is accomplished with a mandrel 1 14 having a cross-section matching 
the cable jacket cavity which is inserted into the hollow cable 84. Mandrel 1 14 is made of 
metal, so that it will heat upon the application of an electromagnetic field. A Teflon™ mold 
116 surrounds the cable at the position of the mandrel block 114, with a cavity 1 1 8 defining 

3 0 the shape of the desired final tactile bump. Wire coil 120 is positioned to generate an 

inductive electromagnetic field, which will heat up mandrel block 1 14, thereby softening the 
portion of cable 84 adjacent it and forcing it into cavity 1 1 8 of the Teflon™ mold 1 16. Since 
the mold is made of Teflon™ it will not separately be heated by induction, and is resistant to 
heat, with the heat thus being generated from the inside out. The technique of a metal 
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mandrel and a Teflon™ mold has been used to seal the ends of cables in the prior art. Here, 
this technique is uniquely applied to generating a tactile bump in the middle of a cable. , 
Alternatively, the tactile feature could be a dent or other shape. 

Cable 84 of Fig. 6 is a cable jacket, which is manufactured by extrusion before 
5 having the tactile bump formed. After the tactile bump is formed as shown in Fig. 6, the 
wires are threaded through the cable jacket and connected to the housing components as 
shown in Fig. 2. An opening in the cable jacket on the order of a foot or so from the sensor is 
used for the insertion of a stylet to stiffen the cable for insertion. After insertion and 
appropriate placement of the sensor on a fetus, the stylet can be removed. 

1 o Although certain embodiments of the invention have been shown, other 

embodiments may be used to realize the present invention, the scope of which is set forth in 
the appended claims. For example, molding techniques other than injection-molding might 
be used, and materials other than plastic might be used for the housing. For instance, the 
housing could be made of thermo-sets, such as silicones, epoxies, polyester, or other 
1 5 thermoplastics, such as nylon, PVC, polyurethane or a fiberglass. The materials are 

preferably chosen, however, so that the overmolding material will bond to the housing 
material. In another example, although castellations are shown for holding the wires in place, 
snap fits or other securing mechanisms could be used. Additionally, although the 
embodiments of the present invention have been discussed in connection with a fetal sensor, 

2 0 the present invention could also be used on sensors used for adults or children where a 

flexible sensor is desired. 
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1 . An oximeter sensor comprising: 

a housing formed from a material with a first rigidity; 

a plurality of oximeter components mounted in said housing, including at least 
a light source and a light detector; 

an overmolded material covering most of said housing, leaving openings to 
expose at least said light source and said light detector, said overmolding material 
having a second rigidity which is less than said first rigidity. 

2. The sensor of claim 1 wherein said housing is made of plastic and said 
overmolded material is an injection molded thermoplastic elastomer. 

3. The sensor of claim 2 wherein said housing is made of polypropylene and 
said overmolded material is Santoprene. 

4. The sensor of claim 1 wherein said housing has at least portions which are 
thinner in a Z direction than a dimension of said housing in an X direction, such that the 
combination of said first housing and said overmolded material is flexible to bend in the Z 
direction. 

5. The sensor of claim 1 wherein said sensor is a fetal sensor. 

6. The sensor of claim 1 wherein said oximeter sensor is a pulse oximeter 

sensor. 

7. The sensor of claim 1 wherein said light source and light detector are 
mounted at positions effective for reflectance oximetry. 

8. The sensor of claim 1 further comprising: 
a plurality of contact electrodes; and 

an opening in said housing having a size to provide a press-fit for one of said 
contact electrodes. 
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9. The sensor of claim 8 wherein said opening is flared at an exposed surface, 
exposing a portion of the sides of said contact electrode. 

10. The sensor of claim 1 farther comprising: 

a plurality of wires extending along said housing and connected to said 
oximeter components; and 

a plurality of castellations extending from said housing and bent over said 

wires to secure said wires. 

1 1 . The sensor of claim 1 further comprising: 

a feature in said housing for mating with a feature in a mold to hold said 
housing in place against a longitudinal stream of injected overmolding material. 

15 12. The sensor of claim 1 1 wherein said feature in said housing comprises a 

curved groove in said housing. 

13. The sensor of claim 1 further comprising at least one feature of said 
housing for registering said housing in a mold to insure proper lateral alignment of said 

2 0 housing during an injection of overmolding material. 

14. The sensor of claim 1 3 wherein said feature of said housing is a pair of 
wings extending from sides of said housing. 

25 15. The sensor of claim 1 further comprising at least one stand-off feature of 

said housing on the same side as said openings to insure coverage of said side of said housing 
by said overmolding material. 

16. The sensor of claim 1 further comprising: 

a cable attached to a first end of said housing; and 

3 0 a rigid cap mounted to said housing adjacent said first end of said housing, 

said cap having a recess shaped to receive the end of a stylet inserted through said 
cable. 
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1 7. The sensor of claim 1 further comprising: 
a rectangular block having a void for receiving said detector; and 
an enclosure in said housing for receiving said detector block. 

5 18.' The sensor of claim 1 7 further comprising a Faraday shield shaped to fold 

around said rectangular block, and held in place by a press fit between said rectangular block 
and said enclosure. 

1 9. The sensor of claim 1 further comprising: 
10 a pair of enclosures in said housing for receiving said light emitter and said 

light detector, respectively; and 

a pair of lids for covering said enclosures to seal said emitter and detector from 
said overmolding material. 

15 20. The sensor of claim 1 further comprising: 

a plurality of wires connected to said oximeter components; 

at least one braided wire shield covering at least one of said wires; and 

a thin heat shrink tubing around an end of said braided wire shield. 

20 21. The oximeter sensor of claim 1 further comprising an injection molded 

clear plastic covering said openings, and wherein said housing and said overmold material are 
opaque. 

22. An oximeter sensor comprising: 
25 a housing having at least portions which are thinner in a Z direction than a 

dimension of said housing in an X direction, such that the combination of said first 
housing and said overmolded material is flexible to bend away from a Y axis, said 
housing being made of a material of a first rigidity; 

a plurality of oximeter components mounted in said housing, including at least 
30 a light source and a light detector; and 

an overmolded material covering portions of said housing, said overmolded 
material being of a lesser rigidity than said housing. 
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23. The oximeter sensor of claim 22 further comprising a plurality of 
alignment features for aligning said housing in a mold during an overmolding process. 

24. The sensor of claim 23 wherein one of said alignment features comprises: 
a curved groove in said housing for mating with a corresponding groove in a 

mold to hold said housing in place against a longitudinal stream of injected 
overmolding material. 

25. The sensor of claim 23 wherein one of said alignment features comprises 
a pair of wings extending from sides of said housing for registering said housing in a mold 
during an injection of overmolding material. 

26. The sensor of claim 23 wherein one of said alignment features comprises 
at least one stand-off protrusion extending from said housing on the same side as said 
openings to insure coverage of said side of said housing by said overmolding material. 

27. The sensor of claim 22, wherein said sensor is a fetal pulse oximeter 
sensor with said light source and light detector positioned for reflectance oximetry. 

28. The sensor of claim 22 further comprising means for securing said 
oximeter components in proper alignment during an overmolding process. 

29. The sensor of claim 28 further comprising: 

a plurality of wires extending along said housing and connected to said 
oximeter components; and 

said means for securing including a plurality of castellations extending from 
said housing and bent over said wires to secure said wires. 



30. The sensor of claim 28 wherein said means for securing comprises: 
a rectangular block having a void for receiving said detector; and 
an enclosure in said housing for receiving said detector block. 
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3 1 . The sensor of claim 30 further comprising a Faraday shield shaped to fold 
around said rectangular block, and held in place by a press fit between said rectangular block 
and said enclosure. 

32. The sensor of claim 28 wherein said means for securing comprises: 

a pair of enclosures in said first housing for receiving said light emitter and 
said light detector, respectively; and 

a pair of lids for covering said enclosures to seal said emitter and detector from 
said overmolding material. 

33. The sensor of claim 22 wherein said housing is made of plastic and said 
overmolded material is an injection molded thermoplastic elastomer. 



34. The sensor of claim 33 wherein said housing is made of polypropylene 
15 and said overmolded material is Santoprene. 

35. The sensor of claim 22 further comprising: 
a plurality of contact electrodes; and 

an opening in said housing having a size to provide a press-fit for one of said 
20 contact electrodes. 

36. The sensor of claim 35 wherein said opening is flared at an exposed 
surface, exposing a portion of the sides of said contact electrode. 



25 37. The sensor of claim 22 further comprising: 

a cable attached to a first end of said housing; and 

a rigid cap mounted to said housing adjacent said first end of said housing, 
said cap having a recess shaped to receive the end of a stylet inserted through said 
cable. 

30 

38. The sensor of claim 22 further comprising: 

a plurality of wires connected to said oximeter components; 

at least one braided wire shield covering at least one of said wires; and 
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a thin heat shrink tubing around an end of said braided wire shield. 



39. The oximeter sensor of claim 22 further comprising an injection molded 
clear plastic covering said openings, and wherein said housing and said overmold material are 

5 opaque. 

40. A fetal pulse oximeter reflectance sensor comprising: 

a housing having at least portions which are thinner in a Z direction than a 
dimension of said housing in an X direction, such that the combination of said first 

1 o housing and said overmolded material is flexible to bend away from a Y axis, said 

housing being made of a material of a first rigidity; 

a plurality of oximeter components mounted in said housing, including at least 
a light source and a light detector; 

an overmolded material covering portions of said housing/ said overmolded 
15 material being of a lesser rigidity than said housing; 

a plurality of alignment features for aligning said housing in a mold during an 
overmolding process; 

means for securing said oximeter components in proper alignment during an 
overmolding process; and 

2 0 wherein said housing is made of plastic and said overmolded material is an 

injection molded thermoplastic elastomer. 

41 . An oximeter sensor comprising: 
a housing; 

2 5 a plurality of oximeter components mounted in said housing, including at least 

a light source and a light detector; 

an overmolded material covering most of said housing, leaving openings to 
expose at least said light source and said light detector; and 

said components being located adjacent a neutral axis of the combination of 

3 0 said housing and said overmolded material. 

42. The sensor of claim 41 wherein said housing is made of a material of a 
first rigidity and said overmolded material is made of a material of a second rigidity which is 
less than said first rigidity. 
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43. A method for forming a tactile feature on an interior portion of a cable, 
comprising the steps of: 

inserting a mandrel having a block at its end in contact with an interior of said 

5 cable; 

placing a non-conducting die around said cable at the position of said mandrel 
block, said die having a feature in the shape of said tactile feature; 
heating said cable; and 

applying an electrical field between said mandrel and a coil exterior to said 
10 cable for the purpose of inductively heating said cable. 

44. The method of claim 43 wherein said feature is a bump. 

45. The method of claim 44 wherein said feature is a dent. 
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